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(54) Multi-f unctioniil vlbwtton actuator capable 
reaonafioe frequency 

(57) In a vibretion actutf or having arr«fln^^^ 
Component (10) andacoll(17) afrengodlnagap 

made at on« ride of ttto ""^^ 
predrtorminBd direction, a opaca "^"^^"^^^^ 

Um^da^e the maflflattc oliouH component and the 



of supiesslng an Mnatabte oparalion wound a 

coii.Asupponm9unn(16,iB)euppcrtethamagiie«^^ 

mavabia In tba predetermined ^.^te^^ 

finUig member hasa«oundr«lea«ho^^ 

the other €ldeotthomagneticdrculleoniponont In the 

predeterniinad direction. 
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De$crlptloii 

aackafound of ftio 1nVen«Dn: 

100011 TtUdhvfliTlteTirelfltOfitoGVlbffltlonactuatorof 
B mulU-fUncfidnal type mounted In a mobile oommunl- 
cailon appaitattis, such aa a moWtetaiephone. to gon- 
srateartnginfitoncaBpeecti sound, andavibratfon. 
[0002] A vibration acruator Of the lypeoomprlew a 
magnetlo drcutt componant having a gap on otb $idc 
in a pr«tetormined dlrfedlon, a OOH aitanged In the gap 
of the m^tlc cirt5uU component a aupportlng unR 
supporftifl the magnetic circuit component and ttie oon 
sothattho magneecclrcuiicanponontandtheoonaire 
BepQraiely movable in the predotamnned direction, and 
a vibration transmmlng portion made of an elaette ma- 
terial auch aa fuober and WnQ the BiippoiUng imtt Tue 
magnetic circuit component comprtsea a perrranent 
magnet andayokeooupledthBfetQ,The6upponlnaunt 
camprlsea a teaf eprlng through which the nnagnetic cir- 
cuit cwnponant la euppoit«J on the vibration ^ansmtt- 
ting portion, and a vibration member through wh^ the 
ooil is supported on the vibration transmitting portion. 
[OdOS] WhantheboilleeuppllcdvirtlhadrMngcunBnt. 
i,e magnatfe eircuil component or the coll partoiro a 
rodprooal movamant In the predalenninad dirodjon. 
V^on the driving cunerthaaalowfre^u^^^^ 
tlon rransmlttins portion aervos aa atbjad porton °n 
tha other hand, when the drwingcuiranl has a high fw- 
quemy. the vibweon transmitting P»*" ^^^^ 
Elastic body whiPh vibialas as a l^^^l^^f. 
member Tnua. in each of ^vlbrattonmodaaMU^^^ 
mode, the magnetic dmuttcomponent andt^^^ 
member ere oparated anclsr mutual Interference to 
transmit a sound or a vibration to the outside. 
r00O41 Howflvef. since the magnetic circuit compo- 
nent te supported simply by the leaf apring^theopera^on 

wni become unstable around a ^o^^^^^^'^SSS 
TOfi leauns m generation of ataige haimcnio dtetortlon 



a supporting unit euppoitmo the magn^lc drcuft com- 
ponent end the con 80 that the magnelio draft compo- 
nent and the coll are separately movaWe In tha pie^ 
temilnadtilrectton. andaepacedoRnlngmamberdeBn- 
5 !ng an accommodallon space aocommodatlnstheinafl- 
netlc circuit component and the coO, the apace (tafflnlng 
member having a sound releaso hole taoed to theomcr 
aide o! the magnatJc circuit conrponont h the predeter- 
mined direction, fc,^ 
10 mm According to another aspect of ttiepresemm- 

venHon, thera is provided a vibradon actuator comprio- 
Ing a magnadfe dicult connponent having a gap on one 
fikle In apredatemilned direction, a cofl arranged In the 
mp a supporting unit supporting the magnetic cfccuit 
15 oomponentandthocollsothaithemagnetJodmultccni- 
ponem and the coll are aeparaiely nwabie In the pre- 
drarmlned direction, and a space defining member de- 
fining an accommodation space aocommodHiing the 
magnailc dicull component and the coll. the specs da- 
so flntagmarnberhavUigaaoundreleaaehoiefwedte 
other aide of themaflnetteclrcuftccmponont In the pre- 
determlied direcdon, the megnatic clnwltcern^^^^^^ 
cooperating vrfth the epaoade^^^^ 



cooperating wnn me ep«« Ju»i««.t» 
a damper epaoe arranged between the magnedo droit 
ss component and the cover end oommunteafing with mo 

fiound release hole. , ,,.h,.r.,n..ntit 

[00101 Accofdingtoitill another aspsctefihepraaeW 

Irivemlon, there 13 pmvldedavlhnittonactuatorcompr^ 
ing a magnetic druult oomponenl having a gap on rt^ 
so sldelnapTedatermlneddlrectton,aMllarraf2Jd^^^^ 
gap. a siworting unit supporting the "wgnetto 



Sumwaiv of the tnvenUonr 



raoOBi itlethereioreanobjectoflhisinvBnlloiitopro- 
vide a multHdncdonal vibration actuator «nlch tecapa- 
bleof auppraseing an 

cnaneefr«iuancy to reduce a harmonte distortion oom- 
ftiaenolherobJectofthlslnventtentoprQVlde 
a muftWundiortal vibiaBon actuator which a 
preventing a coll from being released from a vlbreUon 

tDOfl:^' Other objects ot the present Invenflon will be- 
come clear as the description proceede. ^^^^^ 
roOOS] According to an eiH»ct of the present lmN«^ 
t,on.th«B ispmvided avibraHon octuaior comprising a 
magrtetic drcuit component having a gap on one sWe 
in a predetarmlnaddlracflon, aooit ajrarged n the gap. 



tMfiant and the coil are eepanatoly movable in ttio pre- 
SSLilneddlrection.andaspacedeflnlnBma^^^ 

98 mm an acconwodatlon space accommodating *e 
mameflc circuit component and the coil, iha epece de^ 
finiMmamberhaving asoundteteaseholafacedto^^ 
other elde of the magnedc dicutt: oonponent In the pre- 
Snined direction, the magnatto ^^^-^^^^^ 

40 c^oparallngwnhthespace defining membertodenne 
rSinarMce ananged between the rnagnetlo drcu^ 

sound release hole, tha aound f«««"?J*5!^^"^ 
areaooneepondlnglD kboul 1-3tD3^of anaiea of 

45 the cover. 



so 



Bfief DeaoT^ te" of DraWinj^ 
100111 

Pg 1A Is a vertical sectlcnal View flfaVlbiBllonao- 
tuaioraccordlng to 0 flretembodlmertofthls Invan- 

flg* 1 B Is a partielly^sutaway boWom view of the 
vibrettlon actuator Ulustraled In ng.1 A; 
Rg. 2 te a bottom view ot a cover used In the vtbra- 
don aciuator4tlustrated in Figs. 1A and 1B; 
Rg 3 is a graph showing the rdafionahto between 
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e cound pf«9»i» Iflvol end a trBquencjr oharaeteK- 
I8tlc«fthevaii8llonb0tuator. 
F«. 4 te a vBffioaJ ««alonal view ^J^^^ 

avadcal wdtonal viowof » vOsralion ac 
tuatoraeconlngtoathUderTibodliiiantofthielnven- 

S eA is 6 vertical se«hMial vi«w 01 a vibrato 

tuBtor accortBng to ft tour* embodlmwrt am 

vemlon; and .jl 

Fig. SB » a parttellyKswaway bottom view oiBW 

brtBon aetuator niusirMad In FIfl. aA. 
oaanlnllo'nof w PrctwrBd e ytbadtnBnWt 

U mado Of a vibredoii actuator aocordlnfl to a timt em- 
bodWiBnlofthtoJiwentton. 

100131 The vibiallon aCiuater has en Iniomal magnai 
Ljdurt and eomprlsM a magneto e'™* "/"P^*:* 
10 including ayOl« 11. •> P'«^J.=^:^i\t^SK 

^.«,LahalllS. -euapenaion « * Pj^ff?^*; 

a coll 17 of a rmg ahapa. aj^n T^'l^J^ 
plHti»shapo,avfcraBonti«nflnit«lngportion19ofann8 

S Center atiaf. 15 t»a a bolMlka shapo or a 

pSka shape and is Insarted Into « ««f ^'^^J: 
^ettecteuttconponantiOtocoaxlaiJ^poaMw^fl^ 

yoKe 11 . the Plato 12. and the P^wnanai* m»gn* w, 
S^dtefliadtothayolce1l,thepl«ta12.and*e|^ 
nantmaan«tl3 by caulking orataKing. 6^** 

Plata 12»1lx«dtolhopemianartm^*" 
undaraHractlon loice of tho P"nianent megn^s. IV 
a S*Son of the attraction force and an aca»»««. 

orby caundng orataWng. Tha '^^^^f^.Z"^ 
«^dall«*eyoto11.thepiaio12,endthapenm^ 

S;Snrtl3Jrcoa*lallypoamonod.Tham^^^ 

SKwnponanl 1 0 U provided wWi a S^" ' Jf^ 
5S^lnap»detannlneddIractlonAa.onan^^ 
IQD141 TftaauapenalonlBcomprtseaannflraliapad 
KrUSwiXa piufainy of helical ^b^^ 
?flffl«dbsUenanlnnerpBriphe^ 
«vthereo(.Tl« wapenaion 18 has en inner pa^iheral 

J^rtSntid^ ^P-^"™" £ 
11 1! the uaa of an alaadcmaiaiial 21 . aurt, as at«*- 
JeS agent, an adhaa^a. or a R»tn 
Llldnrorataldnfl. By IMng the auaponsion 16 u»*o 
ipliphBralportlonof1heyol»11.t|«™ar««»5^ 
LtoomponentlObpravent^llnjmbalrjlllh^^^ 

euspamrfon 16 ha. an outer P^'^*^1f^^^ 
the vibration tianeniiaing portion l9.Thua.tha«ufl»a»- 
lnCe^Uaupportathorna0netloelr««Oomponanl 

1 0 to tha vibration transmitting P'''^*'V*' ^ _ 
roDiq Inortartopravarttheinagnelloiflrwllw^ 
nam lOlrom being b«*.g»rt into oentact tte»^ 
^n mart«ef ^9 due to an excasalva a«vl'lu«teo( vtm- 



tion.theva>rstlon1«n8mllfingportion IB Is provided with 
atlea6tBtop|)er22tonnedon8BtnnarpBiipheraJporaon. 

The number of atopperta) 22 may bo ""V <te8l™' 
nuntar. The ei»pper 22 may be foimed throughout tlie 

e lnnerperlp^alalponionoflhevlb^adonlran8mltlI^gpo^ 

mm ThevibrattonmBmberlBhasBlthetowarwir- 
tace thereol en L-fihaped portion 23 ahapad in an L 
ehape In sacdon to maiw two particular surface* pa^ 
to pendiculartoeachrther.oneofthepBrtteutar 

te dlroctad oulwart in a raiflal direction of the Vlbraflwi 
aewator,Anadhe8lyeorthe!ketl»«lly8tlaohe8lhooort 

17 to partiaJlar surtaooB of the L-ahaped portion a 
ofthe vlH«aon membarie-ThacoB 17 la dbpoMd in 
i» meBBPl4rt«iemagnrtlec>xailtcomponenl10.Slnce 
ihav^en member ie«iththecClll 7 llxadly attached 

»o,««,ha««.La»»pe.theco(l17lalcaptln«mact2 
ft.vIbi«Ionmeml»ariBettaK>«uffac«.Thu3.thoco« 

T7lsl»nflyreleaaed.aaeon^wim*o«e'^^ 
ao i},0ooll17lB«ttBBhadto1hevibra«onmen*BrieaiB 

!Sfl'"A^wiroa4l8cxtretfedfrBmtl»e«ll1^^ 
Utl wim 84 ia adhered to the auifeoe ol *e vtorabon 
montbar 18 by an adheshe oratacklnosa a8«< " «« 
ia notto cause an advwealnliuence upon the vtoraUone* 
Slrallon membarltl. R«them«...tl« conw^^ 
toeonnaciodbya wJder27toatarmlnal28 oTatanmn^ 
^rt^di?oaad«tanouterpartpharaiport»«^ 
Son hsnsmlttlng portion 18. The^iUjtea^ 
30 connecdngportlonihereofaiacovefadwIthapmMetor 

m\e\ tho vibration tranarnimngpottfon 18 hloimed 
ETelaetlc material su* aa a n«ln and l«a a <»lm- 
S^«hape,»ilhanupperopcnmgandatowaropoclt^ 
» SwvbraflontmnsmWlng portion 19 haaM^^^ 

andalovwrpartto which en uppercovarai andato««r 
ara fixed. reapecUvely. T1.0 upper ocvar 31 
S^Sly covem the upper opening «>» •^^^Tr 
i^;;^ng portion 18. On tha <*«fj^^!?^;JS^ 
.0 oovera2owenithelowarcpanlngrf*o«bj^«^ 

mitung portiOD 19 buihaa a plurality «rf*'»"fl^^°^»"~ 
SlJai^iaiiwIyatmmdtemBtar.TTtathrouflhhol^^^ 

S«ivaty aan« aa aaound relaaae hole or a «ou^ 

SiStonhola lor nrieaalag or « """J 
4» «ittbaaenan«edbythevlbntf!oneotufltonEa<*o^ 
through hoiee 33 haa aeta*larahape Intfie niustmttd 

but may have a ahapa ^ ^^^^ 
gated dwila, a polygon, or acoirJMn^ 
natively, only a alngie through f 1^^^,,*?^ 
ao t>urlng1heoperaklon.lhethrouflhh«toa33«^ 
tionaSonuaflVgfuncBonutllMn8*vto^ 

biHtlon transmitting porUoo 1 9 to « "S^J 
BringmemberdeflnlnaanaocammodatJonapwSW^^ 

as «n^odaJing1hemagnedo<*«ll com^^^^^ 
the coH 17 and as ap«(«actorforalUr«Ionelbodypro- 

SSr^S^SS'll haaaio-erpartpn^vdingou. 
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ward to opproech an Inner peripheral Burfeoo of the vi- 
bration transmitting portion 19. As a consQ^juenco, the 
yoke 11 cooperateo with the lower cover 32 to define a 
damper epac© 35 locstod betweon the yoke 11 and the 
lower cover 32 and communicating with ihe through 
holee 33. As wtn later be dasorteed In conjunction with 
a epectfic example, the total area ot the sound release 
holes la aelecled to fall WKhin a mnge between about 
1 .9% and about 3.6% of the bottom area of the lowar 
cover 92. 

[OOaOl The vibration member id has a flat ahape, a 
eauoer shape, a curved shape, a corrugated ahape, or 
a combination thereof. KfthavibTfideTi meniber IB hae a 
curved ahape, H alngle radlue of cwvaoire or a coirtbl- 
natlon or dlffonenl radii of curvature la eppiopilately ae^ 
lected to achieve a predetannlned eound oharaderistlc. 
By Increasing the ngdtty oT the vibration menfibar is 
within the coll 17, a harmonto distortion In a Wgh-fre- 
quency fegton can be reduced. 
[0021] The vibration member ia la made 6f poiyether 
Wde (PEI). AltematlveV, the vibration member 6 msy 
be made of another plaetfc film matenal ouch as poly- 
ethylene terephthatete (PET), polycarbonaia (PC), 
polyphenyleneaulfida (PP8).polyary1flie (RAR),polyim- 
Ida (PI), and aramide (PFTA. poly-Cparaphenyleno 
terophthalamMe)). 

p02q In or«larto asaure a wider amplitude of the 
bredon member 16, an outer peripheral portion of the 
vtbradon meirtbcr 1 8 Is fixed to the vibration tfansmHdng 
portion 18 ihrouflh an elastic matarlat auch as a tacki- 
ness agent, an edheaWe. or a reatn. 
[0023] Whenthecoll I7te aupplledvrtthadrMnflcur* 
rent, themagnetfocircullcomponantlOltelbly support- 
ed by the vibration member IB and Ihe euspenslon 16 
vibrates At this time, the vibration tranamlttlng portion 
1 8 eeives as a fixed portion at a low f requancy and, on 
• the other hand, servaa a9 an elaatlc body el a high fre- 
quency to vibrate as a part of the vibralion member 1 B. 
Thua, (n each of a vlbretlon mode and a seund mods, 
the magnetje cliteult member 1 0 and the vibration mem- 
ber ar© operare<i under mutual interforenoo. Herein, the 
throi^h holes 33 eidilblt a vibration aitenuatton function 
utmrfcngelrvfficosity. 

p0241 Referring to Rg-Z.de6WtP«onwffl be n^deOT 

the lower cover 32. «, 
ipaxsi The lower cover 32 has an outer diameter Of 
17mm and a pturairty of through hoi o» 33. nve nuntoer, 
fbmied at dealred poaWons of the bottom aurtape to 
eervo ae sound release holes. The total area of the 
sound release holes fate within a range between about 
3 and about 8 rm^. The number of the through holes 
32 may bo four or iese or six or more. Tho vibration eo- 
tuaior as a whole haa an outer dimension including the 
outerdlam<rterof17mmsub9tantlallyequaltoftalo1the 
lower cover 3^ and tha thfeknasa {the length in the ver- 
tical direction) of 4mm. 

[00»] Refen1ngtoF!9.3,descnptlonwiDhartadoor 
the relationship bsdween aaound presaura level and a 



traquancy characteristic, i.e., a sound ohaiecterlaflc of 
the vibration actuator. 

pOSTl in the Rg. 3, a dash-andnlot fine (a) and a doi- 
ted tine (b) represam a fundamenied wave and a har- 
5 monlcdistortiDn In casewherathetowercoversaisnot 
used, in case where tha bwer cover 32 la not tieed, a 
desired sound pressure level Is saUsfled. However, the 
harmonio distortion of a large ma^llude Is produced 
due to an unstable nonb'near operation oTthe VbraUon 
10 member 1 3 around a rsaonanco frequency (^). 

[002^ A thick solid Una (c) and a thicic dotted line (d) 
represent a fundamental waftr© and a hannonlc d^sto^ 
tlon in case where tho lower cover 32 In Fig> 2 Is used. 
In case Whei^ the lower cover 32 Is used, It is poeetble 
« to suppress the unstable nonlinear oparaaon or the vt- 
bratlon member IB eroundthe resonance frequency (fo) 
so aato reduce the harmonic dtstortlan component. In 
addnion. it b possible to naaan the oharactortstrc in a 
low frequency region. 
so ip029] RalemnatBFig,4.dascrlpdonwmbemadeof 
a^raHon actuator aooordlng to a aecond embodiment 
of tNs invention, eknllarparta ere designated by like r^f- 
ersnoe numerals and wUl not be deaerlbed any longer. 
IC080J The L-ehspad portbn 23 la Shaped tn an L 
ss ohapB In secdon to make two partkxilar aurfacee per- 
pendlculartD each other. Tha particular surfaces ara 
rocced Inward In the radial dbeoflon of tho vtkraHon ac- 
tuator. An adheawe or the like fbcedV etiachee the ooil 
17 to the particular surfaces of the L-shapod portten ^ 
30 of the vibradcn member 18. 

P03l] Rflfening to Fig. 5. description vrtn be made of 
a vibration actuator according to a Ih W cmbodmem of 
this inventton. Similar parts are deelgnated by like ref- 
erence numerate and wHI not be dcsctlbed any longer. 
3s mm Thevibratk>nBfltuatorofRg.5isdlffefentfrom 
that of Figs. 1 A and 1 B In that mo L-shaped portion 23 
of the vibretion menfcer IS in f=lg. 1A Is rapiaced by a 
l>«haped portion 30. With this structure, tha coll 17 Is 
fiHBdInthe U^haped portion36 and kept In contact wilh 

40 tha Vibralion meniber 18 at three ourtacee. Therefore, 
the con 171s haiTfly released from the vlbraUon manner 
IBasoomparedwIthfteLahaperaustmtDdin Rgs. 1A 
or 4 and providing two eurfscee as contact surfaces. 
ItnJs. this strocture IS highly ralbWO. 
49 IP033] Rafemng to Rgs.eA and OB, description wm 
be made of a vibradon actuator acoordinfl to a third em- 
bodbiem of this Inventfon. Similar parts are deeignated 
by llkereference numerals and Witt notbedescribedany 

so pwfl intt,9vibrHrionacluaiorofngs.6Aand6B,the 
tower cover32 le provided with a angle through hote 37 
having a w\^^ large dtemetor. The through hole 37 
Is faced to the magnetic drouit component 10 and 
SMves as a sound release hole. 
S9 ra035] VVhIle tho present Invention haa thus far been 
described In connection wfth afew embodiments there- 
of ttwIR readily be possible torthoeeBklllad in the artto 
pulthlftlnventlonlntopraflttee in various other manners. 
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For example, Instaad of tha Inner magnfitstwttturemQn^ 
tianed above, khe magnotic drcuit component 1 0 may 
have an exiemal magnet structure wefl know in tho art. 
In the magnetic dicult component 10. an end portion of 
the yolcomay have an uneven or Mn-tlal shape ha^mg 
apmtruslon ora recesa In oitJertotacflltategenomUon 
of a hign magnetic flux denelty. AmagnetJc poto o^ the 
permanontmegnet I3mayb80rtented n arydirertio^^^ 
The cuspension 16 may be InlegraWy formed wfth the 
vteration tiansmitting portion by Inaeit molding, vreWlng, 
adhe^on, or the fike. 



Cteims 



10 



29 



29 



20 



1 . A vluraMon actuator comprteing: 

a magnetic oiroult componflnt having a gap on 
one Bide in a predotenxtlned diredign; 
e coll arrangod In eald gep; and 
a auppotting unit supporting aald maanetfc 
euit oomponent end eeld ooti so that sard mafl- 
netlo dreuit component and aald coil ere aepar 
ratBly movable in aaidprodelwrnlned direction, 
setd vibtBtion actuaior further comprfeing a 
apace defining member deRnlng an aocomnro- 
da^ space aooommodatlrig aM magnedc 
circuit component end eald con. saWepace^H 
flning menfther having a sound rateasc tjoi^ 
faced to the other side of aekS magnelic cimuli 
component In said predGiemilned directton. 

2. A vIbTBiion actuator as claimed in clahil .w^^^ 
CaTd ^und release hole la fomied by at lc«tf^ ^ 

through hola. 

3. A>ribraHonactumora6dalrt»dlBctelnfi2.«*ere^ 

saM 411 least one through hole has a shape of a *- 
de. an ellipse, an ftlonaetedolicto. a polygon, or 6 ^ 

oMTlbinBtlon thareef . 

4 AVfcratlonacWaloraaolafcnedmclaWl.whBreln 
saw apaoa Ctenf.lng meftftor has a eoverfaced o 
thaoUwraWaatsaldnHgnotlcclrculicomponentln 

hole being lormad In aaW oovat 

8 Avn)rallooactualora»elahnodinclalm4,«hare 
BtfdmasnattedFouilcomponemcoopefattawltt. 
e»d apace dafining n«n*ar to 

eoundroleaBehoie. 



7 A vibration aiuetor aa claimed in any one of dalma 
1-6, whaieTn said apace dattnlng member has a vl- 
bratlontransmlttinaportionlDvtrhlchsaldBupporting 

unttisnxed. 

a A vibration actuator ae claimed in claim 7. wherein 
eaid euppoJtmg unit comprtsee a helloal leaf spring 
through which saW magnetic circuit component la 
supported on eald vibration tranenrxfttififl portion, 

9. A vibration actuator as damned in claim 7 or 8, 
wherein eald supporting umt comprfeeB a vibration 
maniber through which eald coll la eupported on 
said vbratton transmUIng portion. 

10 A vtoratlon actuator as claimed In claim 9. wherein 
' said vibration member hes a flat shape, a eaucer 

shape, a cun«d ahape, a comigated ehape, or a 
combination thereof. 

11 A vibrafion flotuetor as claimed in daim ft. wherein 
' eald Vtoration meitiber te made of ai least one Wnd 

of plastic film material seleotad Tnim polyetter imh 
de, polyediylene tepoptrthalale, P*>5^<»"^' 
polyphenylenesulfide, pobrarylete, polylmlde, end 
aremWo. 

12 A vibralion actuator as ctaftnGd in dalm fi. wherdn 
^W>^bmlion member la faced toaplutdftyoteu^ 
faces of odd cell and adhered tb these surfaces by 
an adhesive. 

ia A vibration aduator aa dalmed in ddm 1 , wher^n 
iTSmd rdeeae hole serves to exhibit vtoratlon 
atkanuettng funOdon Utilizing air vlaoodly. 



so 



AvlbrBilonartusiorasctolmedlndelm5.whereln « 
saidsound release hole has an area conraspondlng 
TO about 1.9 to 9-5% of an area of add cowan 
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